Abstract: This paper presents performed Ansys numerical simulation on WindFloat structures. It contributes to the methodology of movements calculation based on CFD instruments. The movements of the semi-submersible structures in waves are difficult to compute in numerical simulation and this highlights the importance of using RAO functions. RAO numerical approach developed can be applied to design semisubmersible WindFloat structures in order to fulfill essential requirements regarding operational safety and design. Numerical methodology was designed in accordance marine loads and the I.T.T.C. recommendations. The numerical RAO results for regular wave movements include many elements for the semi-submersible structure. Close results to open sea operation can be achieved by constant improvement in numerical simulation methodologies. The work opens the way for further hydrodynamic development on irregular waves for realistic hydrodynamic and structural response of the actual semi-submersibles at sea. The results demonstrate the accuracy of RAO function approach for specific WindFloat in Jonswap spectrum.
Introduction
Increasing global oil consumption of petroleum products and derivatives leads to the development of petroleum extraction companies. The development of new offshore technology is of particular interest due to the high demand of the market. These structures make it possible to exploit the oil and gas fields in increasingly deep depths [1, 2] .Thus, offshore structures operate in the marine environment and are exposed to various environmental demands and operational loads for which they are carried out. Current, wave, and wind generate dynamic responses to structures of a rather high complexity, given the plurality of installations and equipment on board platforms. [3] [4] [5] [6] [7] [8] The marine environment has a pronounced dynamic action and this requires a careful analysis (using RAO functions) of how the energy of the specified components is transferred to marine structures. Structures like WindFloat have reduced vertical movements in waves [8, 9] .
Waves and currents loads are the most important in the class of loads due to the marine environment when it comes to offshore structures. The forces that occur at the level of the structure are caused by water movement due to waves and currents. In order to determine these loads, it is necessary to idealize the wave's surface and wave's cinematic wave theory. The centuries-old waveform data is used and there is no dynamic reaction to the structure being considered. The static calculation is more than enough if the dominant waves have a much longer period than the studied structure.
Marine structure design is a complex process designed to ensure hydrodynamic and structural performance requested by the customer, in direct correlation with the qualities of reliability and maintenance throughout the marine operating system. Hydrodynamic risk assessment, estimating indicators of structural safety and the prevention of structural failure are possible only after studying the system behavior under the influence of environmental factors and determining its sea keeping performance with RAO values specific to each structure.
WindFloat systems are used to capture wind energy and produce electricity without polluting the environment. To improve the overall quality of the marine system design, there is a need to investigate the issue of Wind Float type structure movement on the incidental waves. The solution of the problem set of operating conditions depends on the sea, and the anchor lines forces of the floating marine system. Using overlapping effects hypothesis in Jonswap, movements are assessed and computed for non-restricted floating object. Anchor lines are not considered in the motion analysis. This paper refers only to solve the problem of the WindFloat without ties.
Hydrodynamic performance of WindFloat depends essentially on the knowledge of forces and hydrodynamic moments acting on real sea. Estimating structural system response in marine incident waves depends on the complexity and depth of the modeling of hydrodynamic analysis. In the event of overlapping effects, hydrodynamic forces acting on the body are obtained by solving diffraction and radiation in Ansys.
In the situation of stationary marine structures composed of bodies with significant volumes, hydrodynamic forces generated by wave's action are determined by solving the problem of diffraction. Froude-Krilov component can be determined by assuming unaltered incident wave and the diffraction component, taking into account the free surface deformation in the presence of semisubmersible body. The problem of radiation is generated by oscillations movements of the semisubmersible structure with six degrees of freedom in the fluid, which is initially at rest and allows the identification of the radiation, which characterizes the hydrodynamic and hydrostatic body through additional masses matrices of potential amortization coefficients and hydrostatic coefficients.
The structure was placed symmetrically in the forward direction of the waves. There has been studied the structural semi-submersible behavior in regular stern waves according to RAO presented theory. Numerical determination of heave (first order movement) of a WindFloat system on longitudinal waves (in the absence of anchor lines) is the main objective of this paper.
Theory and numerical methods

Jonswapspectrum theory
Hasselmann analyzed the data collected in the Jonswap North Sea Wave Observation Project where he found that the spectrum of the wave was never fully developed. It continues to develop through non-linear wave-valves even for a long period of time and long distances. Therefore, an additional and to a certain extent artificial factor was added to the Pierson-Moskowitz spectrum to improve compatibility with their measurements [10] [11] [12] [13] [14] [15] .The Jonswap spectrum is thus a PiersonMoskowitz spectrum multiplied by an additional peak factor γ 
where : 
Where F is the distance to a shore, or the distance the wind blows at constant speed.
The wave energy increases with the distance to the shore: 〈ζ 2 〉 = 1.67 × 10
The Jonswap spectrum is similar to the Pierson-Moskowitz spectrum except that the waves continue to increase with the distance (or time) specified by a term, and the peak in the spectrum is more pronounced, as specified by the term g. [21, 22] This latter proves to be is particularly important because it leads to the reinforcement of nonlinear interactions and a spectrum that changes over time according to the Hasselmann's 1966 theory.
There are many variables for the structure presented in this paper: loads differ, way of anchoring at that point differs and mode of operation and the equipment used on board is very different, so I consider this area to be of particular complexity and due to current developments in field. [23, 24] The report will present RAO calculation mode for any structure offshore and will identify the possible loads for using RAO in dedicated engineering software to determine movements of the analyzed structures.
WindFloat structure geometry
The semi-submersible structure to be analyzed is made up of three vertical cylindrical columns, with a height of 20 m and a diameter of 10 m, connected by cylindrical bars cross-systems mounted in V. Semi-submersible structure's draft is 16 m and weight is 3500 t.In Figure 3 , we present the semisubmersible platform from WindFloat project designed with DesignModeller in ANSYS Workbench [25] [26] [27] [28] [29] [30] . Model presented is imported in Ansys for vertical motion (heave) approach in waves. 
Ansys geometry in Design Modeler
Knowing the static and dynamic response of the structure depends a lot on the physical or mathematical models of the initial working hypotheses, which leads to differences between the different methods of calculating the interactions of the marine environment with the offshore structures [35] . Ansys analysis in structure dynamics is a delicate subject taking into account the complexity of the phenomena studied for high mass floating structure with properties presented in 
Offshore structures specific marine loads
During the exploitation period, a structure is in continuous interaction with the marine environment therefore the design of offshore structures takes into account the following types of loads [35] : ➢ Loads due to continuous interaction with the marine environment.
➢ Dead loads are due to the weight of the structure in the air plus the weight of the ballast, the masses of the equipment permanently mounted on the platform, the buoyancy and the hydrostatic forces on the immersed parts. 
Marine waves and currents loads
The design of offshore structures is dominated by the loads due to the marine environment and, in particular, wave loads [36] . The wind loads act on the surface of the structures, equipment on board and are distributed over the surface projected on a plane transverse to the direction of the wind. For the most unfavorable wave and wind combinations according to the literature, one of the two is chosen: 1 minute continuous wind combined with extreme waves or 3 gusts with maximum intensity.
For higher heights of structures, standards require that the dynamic effects of wind loads be taken into account as the whirling whirlwinds need to be investigated. This is the case with structures in deep water subject to extreme storms. Waves are characterized by the following parameters: wave height (H), period (T), water depth (d).
Wave theory describes the kinematics of water waves. They serve to calculate the particle velocities, their accelerations and dynamic pressure as a function of the wave height.
Structures exposed to wave action are required by forces much higher than in the wind. [38] The forces result from dynamic pressure and motion of water particles. Two cases can be distinguished.
1. Large volume bodies that influence wave structure by diffraction and reflection phenomena.
These forces can be calculated using the diffraction theory.
2. Thin, transparent hydrodynamic bodies that have no influence on wave structure. These forces can be calculated using Morison's equation. Marine fixed offshore structures of tubular lattice are often assimilated to thin bodies. Morison's equation expresses force as an amount of inertial force proportional to particle acceleration and a nonlinear force of forward force proportional to the particle velocity square.
Snow and ice loads. Ice is the main problem in Arctic and Subarctic areas. Generating ice and expanding it can create a pressure high enough to cause problems both in the horizontal and the vertical direction. Large ice blocks driven by current, wind and waves can hit the structure at speeds of up to 1m/s, leading to considerable impact loads [39] .
Temperature loads. Differences in temperature can cause stress at the level of the structure.
Therefore during the design period the extreme values to be encountered during the life cycle of the structure must be determined. The temperature of the crude oil and gas produced must also be taken into account. ➢ Loads due to construction and installation. Hydrodynamic loading on a marine structure is mainly caused by the kinematics of water particles in waves, motions of the structure, and interactions between waves and the structure.
Wind loads specific to the western part of the Black Sea basin
The wind regime influences how crews can operate, thus influencing their activities, and brings additional loads to offshore structures that cannot be neglected at all. Figure 7 we can observe that the largest proportion of the wind direction is in the direction North and in Figure 8 , it is noted that the most common winds are 85% of the 0-5 grade winds on the Beaufort scale, and only 15% are winds of more than 6 on the Beaufort scale. However, for design, construction, the highest values of wind speeds should be chosen regardless of their frequency.
Results as Response Amplitude Operators (RAO) values
The hydrodynamic model allows the formulation of general equations of WindFloat motion type on regular waves, applying Newton's second law, being essentially a linear pattern that overlaps solutions of diffraction and radiation problems analyzed in the frequency domain. Assuming the side symmetry of the marine structure, the system of differential motion equations are reduced to two sets of equations: one set engages the translational motion in the longitudinal direction, with vertical and pitch ones, and the other links the movements of translation in a lateral direction, with the roll and the angular rotation around the vertical axis. In this paper, we analyzed the vertical motions of structure Wind Float assuming typical longitudinal waves.
Solving the system of differential equations of semi-submersible structure motion on regular waves allows both calculations of operators in amplitude response (RAO functions). RAO functions depend on the excitation frequency. At resonance, when the incident of wave's pulsation is equal to semi-submersible structure pulsation, the values record maximum value RAO functions. where, w  is the regular longitudinal wave amplitude, z is the amplitude of semi-submersible structure vertical movements, and  is the range of angular movement (pitching). For studying the influence of endplate there were analyzed only if stationing semi-submersible structure on the aft regular waves, characterized by angular significant. There is a significant reduction of angular movements' structure that uses endplates (Table 4) . 
